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(54) DISPLAY DRIVING METHOD, DISPLAY AND ELECTRONfG-BEVtCE""" 



(57) A driving method of a display device in which 
the number of voltage levels of scanning lines during a 
non-selection period is only one, and the voltage level of 
a data line corresponding to a display element that 
present no image is set to the voltage level of the scan- 
ning lines during the non-selection period. The power 
consumption of the display device is thus reduced. 
A minimum area of the entire screen of the device is 
used for image presentation while the remaining area is 
set to a display-off state (display-off mode) using the 
above driving method, and thus the power consumption 
of the display device, for example, in a standby state is 
reduced. Each of the display-enabled area and the dis- 
play-off area is flexibly set. 

A combination of a multi-line driving method and the 
above driving method helps further reduce power con- 
sumption. 
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Description 

[Technical Field] 

The present invention relates to a method of driving 
a display device, a display device and an electronic 
apparatus and, in particular, to a technique for reducing 
the power consumption of the display device. 

[Background Art] 

Since passive matrix type liquid-crystal display 
devices need no costly switching elements and are less 
expensive than active matrix type liquid-crystal display 
devices, the passive matrix type liquid-crystal display 
devices find widespread use as monitors of portable 
computers and portable electronic apparatuses. 

The following methods are known as the methods 
of driving the passive matrix type liquid-crystal display 
device. 

(1) APT method (IEEE TRANSACTIONS OF 
ELECTRON DEVICE, VOL. ED-21, No. 2, FEBRU- 
ARY 1974 P146-155 "SCANNING LIMITATIONS 
OF LIQUID-CRYSTAL DISPLAYS" P. ALT, 
RPLESHKO. ALT&PLESHKO TECHNIC). 

(2) Smart Addressing (LCD International '95. Liq- 
uid-Crystal Display Seminars held under the spon- 
sorship of Nikkei BP, C-4 Lecture No. (1), by 
Matsushita of Tottori SANYO Electric, Co., Ltd). 

(3) Multi-line driving methods (for example, Japa- 
nese Patent Application 4-84007. Japanese Unex- 
amined Patent Publication No. 5-46127, and 
Japanese Unexamined Patent Publication No. 6- 
130910). 

Besides the demand for miniaturization and light 
weight, there is a growing demand for longer time of dis- 
playing without the need for battery replacement in the 
field of the portable electronic apparatuses such as cel- 
lular telephones and pagers. Therefore, a low power 
consumption feature is rigorously required of the display 
device used in such portable electronic apparatuses. 

The inventor of this invention has extensively stud- 
ied the passive matrix type liquid-crystal display device 
with a view to reducing power consumption. 

The study has shown that prior art passive matrix 
liquid-crystal display devices have to supply an alternat- 
ing current of 20 V or higher in amplitude to both scan- 
ning lines and signal lines even during a display-off 
time, that the power consumption in the power supply 
circuit for generating that alternating current is consider- 
ably large, and that currents flowing between the scan- 
ning lines and the data lines via liquid crystals are also 
considerably large. 

The present invention has been developed with a 
view to resolving such problems. 



[Disclosure of Invention] 

One of the primary objects of the present invention 
is to reduce power consumption of a display device 
5 such as a passive matrix type liquid-crystal display 
device. 

In a preferred embodiment of the display device of 
the present invention, the number of voltage levels of 
scanning lines during a non-selection period is only 

io one, and to set a display element to a display-off state, 
the voltage level of the data line corresponding to that 
display element is set to the voltage level of the scan- 
ning lines during a non-selection period. 

In such a driving method, if image presentation is 

15 performed with the polarity of the selection voltage to 
the scanning lines being periodically alternated, the 
voltage level during a non-selection period remains 
unchanged (at a single level) regardless of the polarity 
of the selection voltage for the scanning lines. By 

20 employing the voltage level of the data line as the non- 
selection voltage level of the scanning line, display-off 
state is easily performed. 

The display-off state means a disabled state of the 
display. The screen in the display-off state corresponds 

25 to the screen in a display-off mode. The display-off 
mode is a mode available to achieve an extremely low 
power consumption. In the description that follows, the 
terms "display-off state", "display-off mode", and "dis- 
play-off mode screen" are used synonymously. 

30 In the present invention, when a scanning line is set 
to a non-selection voltage with a data line set to the 
same voltage, no voltage difference between both lines 
appears activating a display -off state (display-off mode). 
Since the number of non-selection voltage levels is 

35 only one, the power supply circuit for generating the 
non-selection voltage is simple, and the power con- 
sumption of the power supply circuit is reduced. Com- 
pared with the method where the non-selection voltage 
is changed periodically, equalizing the data line voltage 

40 to the scanning line voltage is easy, and the power con- 
sumption with a display panel attributed to the voltage 
difference between the scanning line and the data line is 
reduced. Thus, power consumption of the display 
device is accordingly reduced. 

45 Even when a selection pulse enters the scanning 
line with the voltage level at the data line kept to the 
non-selection voltage level of the scanning line, the dis- 
play-off state is maintained. This is because simply 
selecting a scanning line during a selection period is not 

so sufficient to exceed the threshold of liquid crystal and 
keeps the display-off state. 

Based on this principle, one area of a screen is set 
to the display-off mode while the remaining area is 
allowed to present a predetermined image such as 

55 icons by controlling properly the voltage applied to the 
data line. 

In a preferred embodiment of the present invention, 
a display control signal is applied to each of a plurality of 
ICs to drive the data lines, and by the display control sig- 
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nals, at least parts of data line drive outputs from the 
ICs are set to the voltage level of the scanning lines dur- 
ing a non-selection period. 

A plurality of ICs are arranged as data line drivers 
and the data line drive outputs from the ICs on a per IC 
basis is kept to the voltage level of the scanning lines 
during the non-selection period. In this way, the area 
controned by that IC is set to the display-off state (dis- 
play-off mode). 

In a preferred embodiment of the present invention 
when at least parts of data line drive outputs are set to 
the voltage level of the scanning lines during the non- 
se ection period, the supply of, at least, either display 
data or a high-frequency clock for transferring the dis- 
play data to the IC is suspended. 

By suspending the display data in the area in dis- 
play-off state (the area in the display-off mode) or the 
high-frequency clock to be used for the transfer of the 
display data, low power consumption design is further 
promoted. 

In a preferred embodiment of the present invention 
f display control signal is applied to the driving circuit for 
the data lines to individually control the data-line drive 
outputs and to selectively set a desired drive output to 
the voltage level of the scanning lines during the non- 
selection period. 

With this arrangement, the area in the display-off 
state is flexibly set. 

tha !?? r r6fe I red embodim ent of the present invention 
the data-line dnving circuit, constructed of a plurality of 
blocks is supplied with the display control signal, which 
controls the data line drive outputs on a block by block 
basis so that the data line drive outputs within any block 
are set to the voltage level during the non-selection 
period. 

nn JZ^t ? a V he area in dis P |av -°ff state is flexibly set 
on a block by block basis. 

In a preferred embodiment of the present invention 
h scanning lines out of the plurality of scanning lines (h 
is an integer equal to or greater than 2) are simultane- 
ously selected, and each of the selected scanning lines 
is supplied with a scan voltage based on a predeter- 
mined selection voltage pattern, while each of the data 
lines is supplied with a voltage that is determined by 
comparing the selection voltage pattern with the display 
data representative of the display status of each display 
element so that a desired display is presented, and to 

In ° L^f presentation state (display-off mode 
screen), the display control signal fed to the data-line 
dnving circuit sets, at least, parts of the data line drive 
outputs to the voltage level of the scanning lines during 
the non-selection period. 

*fJS d l rivin 9 method of bating the display-off 
2r (d ' S h Pla h y ; 0ff mode screen > ^ applied to a display 
device which features a known multi-line driving tech- 

In this case, along with the advantage of the multi- 

IH e 5T B u * h0d * hat the level of *» selection ^Ifage 
applied to the scanning lines is lowered during image 



fnn^T"; the 6ffeCt ° f ,0W power consumption dur- 
mg the display-off state further promotes reduction of 
power consumption. 

s th. 3 1 r6ferred emDodimen * of the present invention 

seL^ V' T annin9 ,in6S - h ' Simultaneously 
selected in the multi-line driving is set to be an even 
number. 

When the number of simultaneously selected scan- 
rang l.nes ,s h, the number of voltage levels of the data 

■ ,S n ^ eSSarily " h + r - lf h is an «*•> number, "h + 
1 «s an odd number, and the voltage levels of the data 
lines are symmetrically distributed with its "predeter- 

ref T nC ! V ° lta9e ,evel " placed central, y "ith one 
.* E£ 1 T 96 leVe ' S ° n the positive side and the other 
SI ^ n ? 9 t tlVe Side °' the determined reference 
voltage level. The "predetermined reference voltage 

£?„ T S6t t0 COinCide With the scan voHage level 

nuS nf tK° n " Se, ? C,i0n ^ wnen the 

number of the simultaneously selected scanning lines is 
« -en. the middle one of the voltage levels ofle date 
lines may be set to coincide with the voltage level of the 
scanning lines during the non-selection period. For this 
reason setting a new voltage level for the scanning line 
25 thT2 ? n0n - selection Period as the voltage level for 
» *e data l.ne ,s not required to activate display-off state 
This arrangement simplifies design and avoids an 
increase in circuit complexity, thereby leading to reduc- 
tion of power consumption, 
a, th* aprefe t rred embodir "ent of the present invention 
2 4 Tor's S,multaneOUS 'y se,ected inning lines is 

As the number of simultaneously selected scanning 
lines increases, the scale of the circuit for driving them 
is accordingly enlarged, and the larger-scale drivfng cir- 
35 curt will work to the contrary to the prime object of the 
present invention of reducing power consumption For 

S 8 1!!T n ' the f***^ ""mber for simultaneously 
selected scanning lines, h, is 2. 4 6 or 8 

M Th l diSplay device of the Present invention incorpo- 
40 rating the above<lescr.bed driving method supplies 
desired data lines with the non-selection voMage 
thereby flexibly setting a display-off state area (an area 
in display-off mode). 

In a preferred embodiment of the display device of 

£r T ntl ° n ' by deCOdin 9 the dis P' a y control 

data and d.splay data, an area to be in display-off state 
s designated on a per data line basis, or by a combina- 
tion of a plurality of display control signals, an area to be 
in display-off state is designated on a per block basis 

In a preferred embodiment of the display device of 
the present invention, a display-enabled area is set to 
be smal er in size than the display-off state area (the 
area in the display-off mode) so that needless power 
consumption during standby time is restricted 

" ' n 8 P ? ,erfed embodime rrt ° f 'he display device of 
he present invention, the display device has a section 
that covers at least part of the screen and the area cov- 
ered by the section becomes a display-off state area 
The area in the display-off state remains invisible to 
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a user. The section that covers at least part of the 
screen is constituted by at least one movable member, 
such as a sliding cover. The screen entirely or partly is 
retracted in the cabinet of the display device depending 
on operating conditions. 

The electronic apparatus of the present invention is 
the one that incorporates the display device that is 
capable of designating properly the display-off area. 

In a preferred embodiment of the present invention, 
to drive a display device that comprises N scanning 
lines (N is an integer equal to or greater than 2), M data 
lines (M is an integer equal to or greater than 2), a plu- 
rality of display elements, the display state of which is 
controlled by a voltage applied to the scanning lines and 
a voltage applied to the data lines, a driving circuit for 
the scanning lines, and a driving circuit for the data 
lines, a display control signal is applied to the scanning- 
line driving circuit, consecutive K scanning lines (K is an 
integer equal to or greater than 2 but smaller than N) out 
of the N scanning lines are deselected from the range of 
selection, based on the display control signal, only (N- 
K) scanning lines are selected to be displayed, and the 
scanning line voltage level during the selection period 
when (N-K) scanning lines are driven is set to be lower 
than the scanning line voltage level during the selection 
period when N scanning lines are driven. 

When the border of the display-off state area is 
arranged in the direction of the scanning lines (in the Y 
direction), K scanning lines corresponding to the dis- 
play-off state area are excluded from the range of selec- 
tion. With this arrangement, the duty factor (thus, the 
number of scanning lines driven) in the driving of the 
display device changes, and along with the duty factor 
change, the selection voltage level for the scanning 
lines for appropriate image presentation is accordingly 
lowered. The lowered selection voltage level in turn 
reduces power consumption. 

The change of the voltage level of the scanning 
lines during the selection period is performed by using 
the display control signal that changes the level of the 
voltage a variable voltage source supplies to the scan- 
ning-line driving circuit. The variable voltage source 
may be constituted by a bootstrap circuit, for example. 

In a preferred embodiment of the present invention, 
resolution conversion is performed to a displayed image 
when the multi-line driving method is employed to 
present the image. 

The resolution conversion is performed by applying 
the same scan voltage to consecutively arranged Q 
scanning lines when a resolution 1/Q (Q is an integer 
equal to or greater than 2) is designated by a resolution 
conversion signal, and by selecting simultaneously (Q x 
h) scanning lines. The resolution 1/Q means not only 
that the duty factor in the driving of the display device 
varies, but also that the size of the image is multiplied by 
Q times. In this case, while power consumption remains 
almost unchanged, the size of the image is enlarged, 
and appeal to the user's vision is substantially 
increased. 



In a preferred embodiment of the present invention, 
to drive a display device that comprises N scanning 
lines (N is an integer equal to or greater than 2), M data 
lines (M is an integer equal to or greater than 2), a plu- 

5 rality of display elements, the display state of which is 
controlled by a voltage applied to the scanning lines and 
a voltage applied to the data lines, a driving circuit for 
the scanning lines, and a driving circuit for the data 
lines, the number of voltage levels of the scanning lines 

10 during a non-selection period is only one. a display con- 
trol signal is applied to the driving circuit for the scan- 
ning lines, an area corresponding to consecutive K 
scanning lines (K is an integer equal to or greater than 
2 but smaller than N) out of N scanning lines is set as an 

15 area not to be displayed, an area corresponding to the 
remaining scanning lines is set as a display-enabled 
area, the K scanning lines are kept to the voltage level 
during the non-selection period without applying a 
selection voltage thereto, while the data lines are sup- 

so plied with the voltage, which is fed for image presenta- 
tion, for a duration in which the K scanning lines should 
otherwise be selected. 

When the border of the display-off state area is 
arranged in the direction of the scanning line (in the Y 

25 direction), the K scanning lines corresponding to the 
area in display-off state are included in the range of 
selection without varying the duty factor in the driving of 
the device, and on the other hand, the data lines are 
supplied with the voltage of the level for displaying 

30 rather than with the scanning line voltage during the 
non-selection period, for a duration corresponding to 
the display-off state area. No change in the selection 
voltage of the scanning lines is required, because the 
driving duty factor remains unchanged. Thus, the com- 

35 plexity in the construction of the power supply circuit is 
not increased. When a driving method of selecting 
simultaneously a plurality of scanning lines is adopted, 
the above driving method may be applied. 

In a preferred embodiment of the display device of 

40 the present invention, during a standby time, the area 
other than the smallest display area required is set as 
the display-off state area (screen in the display-off 
mode) by using one of a variety of above driving meth- 
ods to reduce power consumption. 

45 In a preferred embodiment of the display device of 
the present invention, a plurality of switch means are 
arranged in voltage paths to the scanning lines or data 
lines, and when no image is presented, the switch 
means are put to open state to float electrically scan- 
so ning lines or data lines. 

In this case, the conductive paths interconnecting 
the scanning lines, electro-optic elements such as liquid 
crystals existing between the scanning lines and data 
lines, and the data lines are completely disconnected 

55 from a voltage source. For this reason, unwanted cur- 
rents are prevented from flowing through the electro- 
optic elements. Since the scanning lines and data lines 
are electrically unstable with this arrangement, an 
unwanted display may be created by static electricity or 
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the like, and thus a cover is preferably mounted entirely 
on a display panel to relieve the user of uncomfortable 
feelings. 

In a preferred embodiment of the display device of 
the present invention, at least two display panels are 5 
provided, and the duty factor in the driving of one of the 
two panels is adequately set so that the selection volt- 
age level of the scanning lines are set to coincide with 
the voltage level applied to the data lines. With this 
arrangement, the construction of the power supply cir- 
cuit is simplified. 

In a preferred embodiment of the display device of 
the present invention, the driving circuit for driving a dis- 
play matrix is provided with both one function for driving 
the scanning lines and the other function for driving the 
data lines. 

The functions of the driving circuit are adequately 
switched in accordance with the size and shape of the 
image display area to vary the duty factor in the driving 
of the device, and thus the voltage of the scanning lines 
during the selection period is reduced, and thus the 
power consumption during image presentation is 
reduced. 

[Brief Description of the Drawings] 
FIG. 1A 

shows exemplary voltage levels of scanning lines and 
data lines in the driving method of the display device of 
the present invention, FIG. 1 B shows other exemplary 
voltage levels for the scanning lines and data lines, 

FIG. 2 

shows the principle of the driving method of the display 
device of the present invention, 

FIG. 3A 

shows an exemplary construction of the passive matrix 
type liquid-crystal display device which incorporates the 
driving method of the present invention, FIG. 3B shows 
an exemplary display screen of the device of FIG. 3A, 

FIG. 4A 

shows another exemplary construction of the passive 
matrix type liquid-crystal display device which incorpo- 
rates the driving method of the present invention, FIG. 
4B shows an exemplary display screen of the device of 
FIG. 4A. 

FIG. 5 

shows voltage levels for the scanning lines and data 
lines in the present invention where the driving method 
of sequentially selecting the scanning lines one by one 
(ATP driving method) is incorporated, 

FIG. 6 

shows the relationship between applied voltage and 
light transmittance ratio in the liquid-crystal display 
device, 
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FIG. 7A 

shows an exemplary construction of the passive matrix 
type liquid-crystal display device which incorporates the 
driving method of the present invention, Fig. 7B is a tim- 
ing diagram showing the operation characteristic of the 
device of FIG. 7A, 

FIG. 8A 

is a timing diagram showing an exemplary operation of 
the liquid-crystal display device of FIG. 7A, FIG. 8B is a 
timing diagram showing another exemplary operation, 

FIG. 9 

shows an exemplary construction of the passive matrix 
type liquid-crystal display device which incorporates the 
driving method of the present invention, 

FIG. 10A 

is a timing diagram showing an exemplary operation of 
the liquid-crystal display device of FIG. 9, FIG. 1 0B is a 
timing diagram showing another exemplary operation, 

FIG. 1 1 

shows an exemplary construction of the liquid-crystal 
display device of the present invention. 

FIG. 12A. FIG. 12B, and FIG. 12C 

respectively show display controls in the liquid-crystal 

display device of FIG. 1 1 , 

FIG. 13 

is a block diagram showing an exemplary construction 
of a major portion of the liquid-crystal display device of 
the present invention, 

FIG. 14 

is a block diagram showing another exemplary con- 
struction of the major portion of the liquid-crystal display 
device of the present invention, 

FIG. 15 

shows a specific circuit arrangement of the decoder of 
FIG. 14, 

FIG. 16A 

shows voltage levels for the scanning lines and data 
lines when four scanning lines are simultaneously 
selected to be driven, FIG. 16B shows the relationship 
between the number of simultaneous selection and the 
number of voltage levels for the data lines, 

FIG. 17 

is a block diagram showing an exemplary construction 
of the liquid-crystal display device of the present inven- 
tion in which a multi-line driving method is implemented, 

FIG. 18 

is a block diagram showing another exemplary con- 
struction of the liquid-crystal display device of the 
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present invention in which the multi-line driving method 
is implemented, 

FIG. 19 

shows an exemplary construction of the major portion of 
the liquid-crystal display device in FIG. 17 or FIG. 18, 

FIG. 20 

is a diagram showing the feature of the multi-line driving 
method, 

FIG. 21 

is a diagram showing the feature of the operation of the 
multi-line driving method, 

FIG. 22 

shows the changes of voltages for the scanning lines, 
data line and pixels in the liquid-crystal display device 
which incorporates the multi-line driving method, 

FIG. 23A and FIG. 23B 

respectively show exemplary scan voltage patterns in 
the multi-line driving method, 

FIG. 24A 

shows an exemplary construction of the liquid-crystal 
display device of the present invention (in which display 
control is performed in the direction in which the scan- 
ning lines are arranged), FIG. 24B shows the display 
control in the liquid-crystal display device of FIG. 24A, 

FIG. 25 

shows an example of display control in the liquid-crystal 
display device of the present invention, 

FIG. 26 

shows an example of a variable voltage source (a boot- 
strap circuit) shown in FIG. 25. 

FIG. 27 

shows an exemplary construction of the liquid-crystal 
display device that incorporates the multi-line driving 
method to carry out the display control shown in FIG. 
25, 

FIG. 28A 

shows a screen on which no image is presented, FIG. 
28B shows a screen, one half of which presents an 
image, FIG. 28C shows a screen, which presents the 
image of FIG. 28B in double sizing (with a resolution of 
half that of the image of FIG. 28B). 

FIG. 29 

is a schematic diagram of a circuit for performing reso- 
lution conversion as shown in FIG. 28B and FIG. 28C. 

FIG. 30A and FIG. 30B 

respectively show the operation of the circuit shown in 
FIG. 29, 
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FIG. 31 

shows specifically display control carried out by the liq- 
uid-crystal display device (incorporating the multi-line 
driving) of the present invention, 

5 

FIG. 32 

is a timing diagram showing the operation of the device 
of FIG. 31, 

10 FIG. 33 

is a block diagram showing an exemplary construction 
of the liquid-crystal display device that carries out the 
display control shown in FIG. 31, 

15 FIG. 34A 

shows a major portion of the construction of the liquid- 
crystal display device of the present invention, FIG. 34B 
shows the feature of the construction of FIG. 34A, 

20 FIG. 35 

shows a major portion of the construction of the liquid- 
crystal display device which incorporates the multi-line 
driving method and carries out the display control 
shown in FIG. 34A and FIG. 34B, 

25 

FIG. 36 

is a schematic diagram showing a more specific con- 
struction of the construction shown in FIG. 35, 



is a diagram showing an exemplary construction of the 
liquid-crystal display device of the present invention, 

FIG. 38 

35 is a diagram showing an exemplary construction of the 
liquid-crystal display device of the present invention, 

FIG. 39A 

is a front view showing a portable telephone in its nor- 
40 mal use which incorporates the display device of the 
present invention, FIG. 39B is a front view showing the 
portable telephone of FIG. 39A in its special use, 

FIG. 40A and FIG. 40B 
45 are respectively perspective views showing a portable 
electronic dictionary, 

FIG. 41 A and FIG. 41 B 

are respectively external views of an electronic appara- 
so tus which incorporates the display device of the present 
invention, 

FIG. 42A and FIG. 42B 

are respectively perspective views showing a portable 
55 electronic translator, 

FIG. 43 

is an external view of a portable telephone which incor- 
porates the display device, 
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FIG. 44 

is a diagram showing a major construction of a standard 
passive matrix type liquid-crystal display device, 

FIG. 45 

is a diagram showing voltage levels for scanning lines 
and data lines in the driving method of a prior art liquid- 
crystal display device, 

FIG. 46 

is a timing diagram showing the operation of a standard 
passive matrix type liquid-crystal display device, and 

FIG. 47 

is a diagram showing the problem associated with the 
driving method of the prior art liquid-crystal display 

device. 

[Best Mode for Carrying out the Invention] 

Before discussing the embodiments of the present 
invention, the content of the study of the prior art con- 
ducted by the inventor of this invention prior to the 
development of the present invention is now discussed. 

(1) Study of the prior art by the inventor of the present 
invention 

As shown in FIG. 44, passive matrix type liquid- 
crystal display devices comprise a first substrate having 
a plurality of scanning lines Y1 ~ Yn thereon and a sec- 
ond substrate having a plurality of data lines X1 ~ Xm 
thereon, with a liquid crystal sealed between the two 
substrates, and a Y driver (a scanning-line driving cir- 
cuit) 4000 and an X driver (a data-line driving circuit) 
5000 drive the scanning lines and the data lines, 
respectively, to control the display state of each pixel (a 
display element) placed at each of the intersections of 
the scanning lines and the data lines and to present a 
desired display. 

FIG. 45 is a diagram showing the voltage levels of 
the scanning lines and the data lines in a prior art liquid- 
crystal display device. 

The voltage levels of the scanning lines are shown 
in the left portion of FIG. 45 and the voltage levels of the 
data lines are shown in the right portion of FIG. 45. 

Available as the voltage levels of the scanning lines 
during a selection period are two levels, one positive 
and the other negative, V A6 and V A1 , respectively, and 
available as the voltage levels during the non-selection 
period are two levels, one positive and the other nega- 
tive, V A5 and V A2 . respectively. Also available as the 
voltage levels of the data lines are two positive voltage 
levels V A4 , V A6 and two negative voltage levels V A1 , V A3 . 
The reason why the positive and negative voltage levels 
are employed is that the liquid-crystal display device 
needs periodical reversion of the polarity of the voltages 
applied to the scanning lines or the data lines to prevent 
deterioration of liquid crystals due to the application of 
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direct currents. 

FIG. 46 shows the drive voltage waveform of the 
passive matrix type liquid-crystal display device. The 
drive voltage waveform for the scanning lines is shown 

5 in the upper portion of FIG. 46 and the drive voltage 
waveform for the data lines are shown in the lower por- 
tion of FIG. 46. A pixei-on period lasts from time t1 to 
time t2, and then from time t4 to time t5, and a pixel-off 
period lasts from time t2 to time t3, and then from time 

10 t5 thereafter. 

As for the pixel-off period, the drive voltages of the 
scanning lines and data lines need to be periodically 
alternated not to present an image, and their amplitude 
is 20 V or more. 

15 For example, suppose that a driving method that 
alternates the polarity of the drive voltage for the scan- 
ning lines on a per scanning line basis is adopted, that 
as shown in FIG. 47, an image is presented on an area 
"A" defined by data line Y1 and scanning lines X1, X2, 

20 X3 and X4, and that no image is presented on an area 
"B" defined by data lines Y2. Y3, and Y4 and scanning 
lines X1. X2. X3, and X4. "+" and "-" shown in FIG. 47 
represent the polarities of a drive pulse. 

To put the area "B" in display-off state, the polarities 

25 of the drive pulses of the data lines Y2. Y3, and Y4 
should be alternated on a line by line basis in accord- 
ance with the polarity of the drive pulse of the scanning 
line. Therefore, the construction of the power supply cir- 
cuit for the drive waveform becomes complex, height- 

30 ens power consumption, and since the data line voltage 
and scanning line voltage constantly change, currents 
flowing through liquid crystals driven by voltage differ- 
ences between the scanning lines and data lines are not 
negligible, and thus a high power consumption in the 

35 display panel results. 

(2) First embodiment 

To resolve the above problem, the drive method of 
40 the present invention presents the drive voltage levels 
for the scanning lines and data lines as shown in FIG. 
1A and FIG. IB, and both the scanning lines and data 
lines are kept at a voltage level of Vc to turn to the dis- 
play-off state (the screen in the display-off mode) as 
45 shown in FIG. 2. 

Since regardless of the polarities of the drive volt- 
ages of the scanning lines and data lines, the voltage 
levels of the scanning lines and data lines are constantly 
kept at Vc in the display-off state (display-off mode), the 
so construction of the power supply circuit is simplified and 
its power consumption is reduced. Theoretically, there is 
no voltage difference between the scanning lines and 
data lines, and thus no unwanted currents flow in the 
display panel. 

55 The voltage levels shown in FIG. 1 A and FIG. 1 B 
are discussed more specifically. 

FIG. 1 A shows the drive voltage levels in the stand- 
ard driving method (ATP method) of selecting sequen- 
tially the scanning lines one by one. in which the present 
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invention is implemented, the voltage levels of the scan- 
ning lines are shown in the left portion of FIG. 1 A and 
the voltage levels of the data lines are shown in the right 
portion of FIG. 1 A. 

The voltage levels of the scanning lines during the 
selection period are V MX1 , -V MX1 , and the voltage level 
of the scanning lines during the non-selection period is 
Vc only. On the other hand, the voltage levels of the data 
lines are V MY1 , V MY2 and Vc. Vc is ground potential, for 
example. 

FIG. 1 B shows the drive voltage levels in the multi- 
line driving method of selecting simultaneously a plural- 
ity of scanning lines (four lines are simultaneously 
selected in FIG. 1 B), the voltage levels of the scanning 
lines are shown in the left portion of FIG. 1 B and the 
voltage levels of the data lines are shown in the right 
portion of FIG. 1 B. During the selection period, the volt- 
age levels of the scanning lines are two, V X1 and -V X i . 
and during the non-selection period, the voltage level of 
the scanning lines is Vc only. On the other hand, the 
voltage levels of the data lines are five: V Y1 , V Y2 , Vc, 
V Y4 , V Y& 

The construction shown in FIG. 2 is now discussed. 

Referring to FIG. 2. the X driver 2 drives data lines 
D1 , D2, D3, and D4, and the Y driver 4 drives scanning 
lines S1 , S2 and S3. Pixels are arranged at the intersec- 
tions of the scanning lines and the data lines to consti- 
tute a liquid-crystal panel 6. 

Suppose that the liquid-crystal panel 6 incorporated 
in a portable telephone presents an image during a 
communication session, while presenting no image at 
all on a standby mode. When the portable telephone is 
on the standby mode, the drive outputs from the X driver 
2 and the Y driver 4 are all fixed to Vc by setting a dis- 
play control signal DOFF to an active level (L, for exam- 
ple). In this way, a display-off state with extremely low 
power consumption is presented. 

Even if the Y driver is set to select the scanning 
lines by applying a drive pulse to the scanning lines, 
normally on a line-by-line basis or on a multi-line basis, 
the display-off state is maintained because all the out- 
puts of the Y driver are fixed to Vc. Specifically, the liq- 
uid crystal causes no variations in transmittance ratio 
unless the applied voltage to it exceeds a predeter- 
mined threshold voltage (Vth) as shown in FIG. 6, and 
simply applying a selection pulse to the scanning lines 
during the selection period does not cause the applied 
voltage to exceed the threshold voltage as long as the 
data line voltage is kept at Vc. 

By properly controlling the voltage applied to each 
data line based on the above principle, not only can the 
entire screen of the liquid crystal panel 6 be turned to 
the display-off state as shown in FIG. 2, but also part of 
the screen of the liquid crystal panel 6 can be turned to 
the display-off state (a partial display-off state). The par- 
tial display-off state will be discussed in detail with refer- 
ence to the following embodiments. 



(3) Second embodiment 

FIG. 3A shows a construction of the liquid-crystal 
display device according to a second embodiment of the 

5 present invention, and FIG. 3B shows an example of 
display control in the device of FIG. 3A. 

According to the features of this embodiment, the 
screen is partitioned along a vertical data line X160 as 
a border, an area 80 is formed as an image presentation 

io area, an area 90 is formed as an area not used for 
image presentation (a display-off state area) as shown 
in FIG. 3B, and such a screen partition is made by con- 
trolling the outputs of a plurality of ICs for data line driv- 
ing. 

is Although the entire screen of the liquid crystal 
panel is set to the display-off state (the display-off 
screen) as shown in FIG. 2, the portable telephone in 
particular in its standby mode may need a minimum on- 
screen indication of, for example, how long more a 

20 transmission is continuously possible and a speaker 
volume. In this case, if an area required for the minimum 
on-screen indication is assured with the remaining area 
set to the display-off mode (the display-off state), power 
consumption is minimized. 

25 As shown in FIG. 3A. reference numerals 1 0, 20, 30 
and 40 are data line driving ICs. each responsible for 
driving 1 60 data lines. Available as display control sig- 
nals are two signals of DOFF (Display Off) 1 and 
DOFF2, DOFF1 is fed to data line driving IC 10, and 

30 DOFF2 is commonly fed to data line driving ICs 20, 30, 
and 40. 

The low level of the display control signals DOFF1 
and DOFF2 is an active level, and when they are at their 
active level, all the drive outputs of the data line driving 

35 ICs are f ixed to a voltage level of Vc (the voltage level of 
the scanning lines during the non-selection period) as 
shown in FIG. 1 A and FIG. 1 B. Reference numerals 50 
and 60 are scanning line driving ICs, each responsible 
for driving 120 scanning lines. 

40 With DOFF1 at "H" and DOFF2 at "L", the drive out- 
puts of the data line driving ICs 20, 30, and 40 (drive 
outputs for data lines X160 ~ X640) are fixed to Vc. In 
this way, as shown in FIG. 3B, the area 90 of the screen 
of a liquid-crystal panel 70 is set to the display-off state 

45 (display-off mode). 

On the other hand, the data line driving IC 10 sends 
its drive outputs to data lines X1 ~ X160 to present a 
desired image. The scanning line driving ICs 50, 60 may 
be designed to select sequentially the scanning lines 

so one by one, for example. A desired image is thus pre- 
sented on the area 80 of the liquid crystal panel 70 as 
show in FIG. 3B. 

The area 90 remains in the display-off state, and 
when the scanning lines are selected, the selection volt- 

55 age is fed, but when the scanning lines are not selected, 
both the scanning lines and the data lines are together 
fixed to Vc, no unwanted currents flow through the liquid 
crystal, and the power consumption with the liquid-crys- 
tal panel 70 is thus reduced. 
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Since in the same way as in the first embodiment, it 
not necessary to switch the polarity of the control volt- 
age for display-off in synchronization with the polarity of 
liquid crystal driving, the construction of the power sup- 
ply circuit for generating the control voltage is simplified, 
and the power consumption with the power supply cir- 
cuit is substantially reduced. 

It is also possible that the display control signal 
DOFF controls only parts of the outputs of one IC. 

(4) Third embodiment 

Referring to a liquid-crystal display device in FIG. 
4A, two drivers 1 00, 1 1 0 are provided as data drivers (X 
drivers) for a liquid-crystal panel 70. A scanning line 
driver (Y driver) 20 is of a driver type that sequentially 
selects the scanning lines one by one. A reference 
numeral 130 in FIG. 4A is an OR gate. 

in this embodiment, four display control signals 
DOFF0, DOFF1. DOFF2, and DOFF3 are provided to 
control the voltage level of each control signal, thereby 
allowing areas to selectively turn to the display-off state 
as shown in FIG. 4B. 

More particularly, with the entire screen of the liq- 
uid-crystal panel 70 designated "A" as shown in FIG. 
4B. an area "B" only is in the display-off state when 
DOFF0 only is at "L". When both DOFFO and DOFF1 
are both at "L", both area "B" and area "C" turn to the 
display-off state, and when DOFFO ~ DOFF3 are at "L", 
area "B", area "C", and area "D", turn to the display-off 
state, and when DOFFO ~ DOFF3 are all at "L", the 
entire screen of the liquid-crystal panel 70 including an 
area "E" turns to the display-off state. 

(5) Fourth embodiment 

When an area, part of the liquid-crystal panel, is set 
to the display-off mode, the power consumption of the 
display device is further reduced by suspending the dis- 
play data concerning the area (image data indicative of 
display-off state) and the clock for transferring the image 
data. The circuit construction for performing such an 
operation is now discussed. 

FIG. 7A shows a major portion of the construction 
of the data-line driving circuit of the liquid-crystal display 
device. The data-line driving circuit is of a type that 
selects sequentially the scanning lines one by one, and 
outputs three voltage levels (V MY1 , Vc, V My2 ) to the 
data lines as shown in the right portion of FIG. 5 (FIG. 
1A). 

The circuit shown in FIG. 7A comprises an opera- 
tion timing controller 200, a data shift register 210 for 
storing temporarily data-line drive data, a latch 220, a 
level shifter 230. and a voltage selector 240 for selecting 
one from three voltage levels (V MY i . Vc, and \f M y 2 ). A 
reference numeral 250 designates a liquid-crystal 
panel. 

Also shown in FIG. 7A are a clock XSCL for trans- 
ferring the data-line drive data, a pulse LP correspond- 



ing to the selection pulse, a signal YD for starting one 
frame period, data-line drive data DATA, and a display 
control signal DOFF. 

Referring to FIG. 7B. when the display control sig- 

5 nal DOFF is driven to "L" at time t1, the output of the 
voltage selector 240 is fixed to Vc, and a corresponding 
area of the liquid-crystal panel 250 is turned to the dis- 
play-off mode. 

Unnecessary power consumption is avoided if the 

10 data-line drive data (DATA) and the clock (XSCL) for 
data transfer, both fed to the operation timing controller 
200 as shown in FIG. 7A, are suspended in accordance 
with the start of the display-off mode. The suspension of 
either the data or the clock presents some power con- 

15 sumption reduction effect. Since the dock for data 
transfer is a high-frequency signal, the effect of sus- 
pending this clock, in particular, is substantial. 

The suspension of the data and the clock for data 
transfer is controlled, for example, by a microcomputer 

20 which generally controls the operation of the liquid-crys- 
tal display device. 

FIG. 8A is a timing diagram showing the operation 
of the liquid-crystal display device in which both the data 
and clock are suspended in accordance with the start of 

25 the display-off mode. Referring to FIG. 8A, in the same 
way as in FIG. 3A. two control signals (DOFF1 . DOFF2) 
drive the liquid-crystal panel partially to the display-off 
mode. 

With DOFF1 at "H" and DOFF2 at "L" as shown in 
30 FIG. 8A. data corresponding to 40 clock pulses is fed, 
but subsequent data input (and clock input) is sus- 
pended. 

When both DOFF1 and DOFF2 are driven to "H" as 
shown in FIG. 8B, the partial display-off mode is 
35 released, and along with it, the suspension of the data 
and clock is released as well. 

(6) Fifth embodiment 

40 In this embodiment, the start position of the area to 
be in the display-off mode is flexibly set. 

FIG. 9 is a block diagram showing a data line driver 
(X driver) for performing display control. The circuit 
arrangement is substantially identical to that shown in 

45 FIG. 7A, except that the circuit in FIG. 9 indudes a 
multi-stage shift register for temporarily storing the dis- 
play control data (DOFF) for each drive output with the 
number of stages equal to the number of drive outputs 
and further includes AND gates AD1, AD2,... ADm. 

so The AND gates AD1, AD2,... ADm are arranged for 
respective drive outputs, and each AND gate gates the 
data line drive data (DATA) and the display control data 
(DOFF) and gives an ANDed output. 

When the display control data (DOFF) is at "L". the 

55 output of the AND gate is fixed to a predetermined 
value, and the data of the fixed value is stored in the 
latch 220. When the data of the fixed value is present, 
the voltage selector 240 fixes the drive output level cor- 
responding to the data to the above-descrbed Vc. In 
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this way, the start of the area to be set in the display-off 
mode is flexibly set in steps of one drive output. 

FIG. 10A and FIG. 10B are timing diagrams, 
wherein the level of the display control signal DOFF2 is 
changed at an appropriate timing, and in accordance 
with the timing, the data transfer and clock input are 
suspended to flexibly set the area in the display-off 
mode. 

(7) Sixth embodiment 

FIG. 11 ~ FIG. 15 show other methods for deter- 
mining an area to be in the display-off mode. 

As shown in FIG. 1 1 , depending on a combination 
of voltage levels of four display control signals DOFF1 - 
DOFF4. various areas are set to be in the display-off 
mode of a display screen 270 as shown in FIG. 12A ~ 
FIG. 12C. The hatched areas in FIG. 12A ~ FIG. 12C 
indicate the areas in the display-off mode. 

FIG. 13 is a block diagram showing a specific con- 
struction of an X driver 280 shown in FIG. 1 1 . 

Provided are four decoders 300, 310. 320. and 330, 
to which display control signals DOFF1 ~ DOFF4 are 
respectively fed. 

FIG 14 is a block diagram showing another exem- 
plary construction of X driver. 

In this example, the display control signals DOFF1 
~ DOFF4 are decoded through a decoder (DOFF POSI- 
TION DECODER) 400 to form control signals DX1 ~ 
DX4 for the respective decoders 300, 310, 320, and 
330. 

The decoder (DOFF POSITION DECODER) 400 
has a circuit arrangement comprising two OR gates 
410, 412, for example, as shown in FIG. 15. 

(8) Seventh embodiment 

If the method of turning the screen into the display- 
off mode already described in connection with the first 
embodiment is applied to the so-called multi-line driving 
method (MLS driving method), power consumption of 
the liquid-crystal display device is further reduced along 
with the feature of the MLS driving method that the volt- 
age level applied to the scanning lines is lowered. 
Image quality is also improved. 

When the method of turning the screen into the dis- 
play-off mode already described in connection with the 
first embodiment is applied to the so-called multi-line 
driving method (MLS driving method), the number of 
scanning lines L simultaneously selected is preferably 
an even number, and more preferably, L is 2, 4, 6, or 8. 
The reason for this is as follows. The multi-line driving 
method will be described later 

As shown in FIG. 16B, when the number of scan- 
ning lines simultaneously selected is "L", the number of 
voltage levels of the data lines is necessarily "L + 1". 
When "L" is an even number, "L + 1 " is an odd number, 
and the voltage levels of the data lines are symmetri- 
cally distributed with their "predetermined reference 
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voltage level" placed centrally with half voltage levels on 
the positive side and the other half voltage levels on the 
negative side of the predetermined reference voltage 
level. The "predetermined reference voltage level" can 

5 be set to coincide with the scanning line voltage level 
during the non-selection period. 

Specifically, when the number of the simultaneously 
selected scanning lines is even, the middle one of the 
voltage levels of the data lines may be set to coincide 

to with the voltage level of the scanning lines during the 
non-selection period. For this reason, setting a new volt- 
age level for the scanning line during the non-selection 
period as the voltage level for the data line is not 
required to activate display-off state. This arrangement 

15 simplifies design and prevents the increase in circuit 
complexity, thereby leading to reduction of power con- 
sumption. 

FIG. 16A (FIG. 1 B) shows the voltage levels for the 
scanning lines and data lines when a driving method of 

20 selecting simultaneously four scanning lines is 
employed. The voltage levels for the scanning lines are 
shown in the left portion of FIG. 16A, and the voltage 
levels for the data lines are shown in the right portion of 
FIG. 16A. With L = 4, five voltage levels (L + 1) of V Y1 , 

25 V Y2 . Vc, V Y4 , and V Y5 are available as the voltage levels 
for the data lines. V Y1 and V Y2 are symmetrically set in 
level to V Y4 and V Y5 relative to Vc. Vc is exactly the non- 
selection voltage level of the scanning lines. Simply fix- 
ing the voltages of both the scanning lines and data 

30 lines to Vc is enough to set an area to the display-off 
mode, 

When the number "L" of the simultaneously 
selected scanning lines is an odd number, the number 
of voltage levels of the data lines is an even number, 
35 and thus no voltage as a reference exists at the middle 
of the voltage levels. In this case, a voltage level corre- 
sponding to Vc needs to be added to the voltage levels 
of the data lines, as a voltage level to set the display-off 
mode. 

40 As described above, the number of scanning lines 
simultaneously selected in the multi-line driving method 
is preferably 2, 4, 6, or 8. 

As the number of simultaneously selected scanning 
lines increases, the scale of the circuit for driving them 

45 is accordingly enlarged, and the larger-scale driving cir- 
cuit will work to the contrary of the prime object of the 
present invention of reducing power consumption. For 
this reason, the practicable number for simultaneously 
selected scanning lines, L, is 2, 4, 6, or 8. 

50 

(9) Eighth embodiment 

A. Construction of the device 

55 FIG. 17 and FIG. 18 show exemplary constructions 
of liquid-crystal display devices which adopt the multi- 
line driving method, flexibly setting the area to be in the 
display-off mode. 

Discussed first is the liquid-crystal display device 
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shown in FIG. 1 7 

Upon receiving an instruction from a microDroces- 
sor (MPU) 2300, a DMA control circuit 2 S Sin a 

2Sn llT dler 2340 3CCeSSeS 3 Video RAM ( V RA M ) 
2420 ^hI ' mage data of one «*™ a system bus s 
2420 and sends the image data (DATA) together with 
the clock (XCLK) to the data-line driving circuit 

The data-line driving circuit (enclosed in a chain 

200 ? an 0 " 6 ?k n /' a 17) COmpn ' Ses a ««W circu," 
2000 an input buffer 201 1, a frame memory 252 an w 

tn„^ referenCe nUmeral 2400 desi 9nates an input 
touch sensor, and a reference numeral 2410 designates 

sor D ^n enS H 0r .K 0ntr01 C,rCUit B ° th ,he in P ut touch ^n- ,s 
sor 2400 and the touch sensor control circuit 2410 if 
unnecessary, may be dispensed with. 

In response to an instruction from MPU 2300 a 
control signal generator circuit 2342 within the module 

(OFR to the 40 rr 3 ** diSP ' ay COrtrol S2 » 
(OFF) to the control circuit 2000 within the data-line 

driving circuit. In accordance with the level of the first 
display control signal (OFF), the control circuit 2000 
changes the tevel of a second display control signal 
(DOFF)ap P l,ed to thevoltagesei ec tor2100. In this way 2s 
to TJZTT ^ corresDOn <*ng data line is fixed' 
to the voltage level Vc. resulting in the display-off mode 
scr©©n. 

A power supply circuit (voltage source circuit) 2420 

dmJt ry Pr ? ete r in f V °' tage to the da,a " line d ™"g *> 
Z%£ 00 SCannin 9- |ine **** circuit (? 

The construction of the liquid-crystal display device 
shown in FIG. 18 is now discussed 

In the liquid-crystal display device shown in FIG 1 7 35 
control ofthe multi-line drive (MLS drive) is performed 
by the module controller 2340. whi.e in the liquid-crySal 
asplay 'device shown in FIG. 1 8 , the data-line dri^ng 

, Z£ ° Sed " 3 ° hain Hne With one dot ^ shown? 
-s directly connected to the system bus 2420 of a micro- 40 
computer so that MPU 2300 directly controls the MLS 
dnve The data-line driving circuit comprises an inter- 

St e 2 c :r a f 4 h 0, a circuit 245 °- an * 

curt 2430 as shown ,n Fig. 17 and the like. A display 
control s,gna. (DOFF) is supplied to the control ciS <s 
2450 v.a the interface circuit 2440. In accordance with 
he leveofthedisplay control signal (DOFF), the area in 
the d lsp lay-off mode is flexibly set in the same manner 
as shown in FIG. 17. 

Referring to FIG. 19, the constructions of the volt- so 
age selectors 2100 shown in FIG. 17 and FIG 18 a re 
now discussed. 

The voltage selector in FIG. 1 9 has the same con- 
duction as that shown in FIG. 9. More particularly, the 
voltage selector comprises a shift register 256 for stor 55 
ing temporarily the display control data (DOFF) logTc 

re^S f f 8 ^ ,hS da,a Stored in the ^ift 
register 256 are input, and the like. The open/close sta- 
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tuses of switches SWi-SWs are controlled by the 
outputs of the logic gates so that desired voltages are 
applied to the data lines of a liquid-crystal panel 2250 
In the same way as Redisplay device in FIG 9 the start 
posfton of the area in the display-off mode is 
m steps of one output of the data-line driver depending 
on the value of the display control data (DOFF) 

B. Advantages and features of the MLS driving method 

m P «^ Vanta9eS / nd fSatures of the ML S driving 
Z l nOW d,SCUSSed - Power consumption reduc 
toon ,s further promoted in the liquid-crystal display 
device by applying the production method of the dis 
play-off mode described with reference to the first 
embodiment, to the MLS driving method having the fol- 
lowing features. Also, image quality in the liquia-crystel 
display device is further improved. 

The MLS driving method is the technique that 
simultaneously selects a plurality of scanning lines n a 
Passive matrix type liquid-crystal pane, such as an STN 
(Super Twisted Nematic) liquid-crystal panel. With this 
2£3"' driVS V °' tage for the inning iines is 

As t Sl ^ wn in FIG 20- in a prior art line-by-line 
sequential driving method, the width of a selection pulse 
■s wideband the light transmittance ratio of the ?qSd 

2£? df0PS W ' th time ' and ima9e contrast and lumi- 
nance (transmittance ratio) of the liquid crystal in its 
transmission state are lowered. In contrast the MLS 
dnvng method allows a selection pulse to be narrowed 
as shown m the lower portion of FIG. 20, the drop in 
transmittance ratio (luminance) of the liquid crystal is 
small, and an average transmittance ratio is increased 
Thus, image contrast is increased. 

C. Principle of the MLS driving method 



As shown in FIG. 21, suppose that two scanning 
lines XI and X2 are simultaneously driven, and that pix- 
els at the intersections of these scanning lines and a 
data line Y1 are turned on/off. 

an r i e, ."T desi 9 nate an on-pixel, and " + r designate 
an off-p,xel. Data indicative of on/off statuses is stored 
^ frame memory. The selection pulse is repre- 
sented by binary values of " + 1 - and "-1 -. The drive volt- 

V?" °lv2 9 - a^d "Sr Y1 ^ ° f threS Va,U6S "■ 
Which voltage level of "-V2". "+V2", and "V1 " to pro- 
vide to the data line Y1 is determined by the product of 
a display data vector d and a selection matrix p 

Fir I" t* 1 (9) ° f RG 21 • d * P = +2 (b) of 
(TofF 1 ,G d 21. P=+2 hM-FBf, -«'^ 
For the product of the display data vector d and the 
selection matrix p of »-2», "-V2" is selected as the data 
me dnve voltage, for " + 2". " + V2" is selected, and for "0" 
VI "is selected. 

To carry out the operation for the product of the dis- 
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play data vector d and the selection matrix p in an elec- 
tronic circuit, a circuit for determining the mismatch 
count of corresponding data between the display data 
vector d and the selection matrix p serves this purpose. 

More particularly, for a mismatch count of "2", "-V2" 
is selected as the data-line drive voltage. For a mis- 
match count of "0", "+V2" is selected as the data-line 
drive voltage. For a mismatch count of "1", "VI" is 
selected as the data-line drive voltage "V1". In the MLS 
driving in which two lines are simultaneously selected, 
the data-line drive voltage is determined as described 
above, and each two lines are selected twice in one 
frame period to turn on/off the pixels. Since a plurality of 
selection periods are provided, the drop in transmit- 
tance ratio is decreased during the non-selection 
period, and the average transmittance ratio (luminance) 
in the liquid panel is increased. Thus, the contrast of the 
liquid crystal is heightened. 

D. Example of MLS driving 

Specifically discussed referring to FIG. 22 is the 
operation of a passive matrix type liquid-crystal display 
device in which four scanning lines are simultaneously 
selected. 

Three voltage levels (+V1. 0. -V1) are appropriately 
selected for the scanning lines according to a scan volt- 
age pattern that is defined by a predetermined orthogo- 
nal function system, and are respectively applied to the 
four scanning lines. Examples of scan voltage patterns 
are shown in FIG. 23A and FIG. 23B. 

More particularly, four scanning lines X1 ~ X4 are 
simultaneously selected as shown in (a) of FIG. 22. 

The scan voltage pattern is compared to the display 
data pattern, and the voltage level (one of the five volt- 
age levels of -V3, -V2, 0, +V2, +V3) determined by the 
number of mismatch count is applied to each data line 
by the data-line driving circuit. The following discussion 
describes the procedure of determining the voltage 
level applied to the data lines. 

An element (a scan voltage) in the scan voltage pat- 
tern is (+) when the selection voltage is +V1, and (-) 
when the selection voltage is -V1 . and an element in the 
display pattern is (+) when data is for display-enabled, 
and (-) when data is for display-off. The mismatch count 
is not considered during the non-selection period. 

Referring to FIG. 22, let one frame period (F) repre- 
sent a duration required for presenting one screen, one 
field period (f) represent a duration required for select- 
ing all the scanning lines once, and one selection period 
(H) represent a duration required for selecting a scan- 
ning line once. 

" H ist" denotes a first selection period, and "H 2nd " 
denotes a second selection period in Fig. 22. 

Furthermore. f 1st denotes a first field period, and 
f 2n d denotes a second field period. F 1sl denotes a first 
frame period and F 2nd denotes a second frame period. 

Referring to FIG. 22, the scan voltage pattern of 
four lines (X1 ~ X4) selected during the first selection 



period (H 1st ) within the first field f 1st is predetermined as 
shown in (a) of FIG. 22, and is always (+ + -+) regard- 
less of the state of the display screen. 

Considering setting the entire screen to display- 

5 enabled state, the first column display pattern (for pixel 
(X1, Y1). pixel (X2, Y1). pixel (X3. Y1) and pixel (X4, 
Y1)) is (+ + + +). Comparing sequentially both patterns, 
the polarities of the first, second and fourth elements 
match but those of the third elements mismatch. The 

10 mismatch count is thus "1". With a mismatch count of 
"1", a voltage level of -V2 is selected from five levels 
(+V3, +V2, 0, -V2, and -V3). In this way, for the scanning 
lines XI , X2, and X4, all of which select +V1 , the voltage 
applied to liquid crystals is increased by the selection of 

is -V2, while for the scanning line X3 that selects - V1 , the 
voltage applied to the liquid crystal is decreased by the 
selection of -V2. 

In this way, the voltage applied to the data line cor- 
responds to "the weight of a vector" during an orthogo- 

20 nal transformation, and if all the weights for four scan 
lines are summed, the voltage levels for reproducing a 
true display pattern are set. 

In a similar fashion, -V3 is selected for a mismatch 
count of "0". 0V level is selected for a mismatch count of 

25 "2". +V2 is selected for a mismatch count of "3". and 
+V3 is selected for a mismatch count of "4". The voltage 
ratio of V2 to V3 is set tor (V2:V3 = 1 :2). 

The mismatch counts are equally determined for 
columns of data lines from Y2 to Ym in connection with 

30 scanning lines X1 ~ X4, and the data of the obtained 
selected voltage is transferred to the data-line driving 
circuit, and the voltage that is determined according to 
the above procedure during the first selection period is 
applied. 

35 Likewise, the above procedure is repeated for all 
the scanning lines (X1 - Xn), and the operation for the 
first field period (f 1st ) is completed. 

The above procedure is repeated for the second 
field thereafter until one frame (F 1st ) is completed, and 
40 thus one screen is presented. 

According to the above procedure, the voltage 
waveform applied to the data line (Y1) with the entire 
screen set to display-enabled state is obtained as 
shown in (b) of FIG. 22, and thus the waveform applied 
45 to the pixel (X1 , Y1) is shown in (c) of FIG. 22. 

The above discussion has specifically explained the 
MLS driving method. 

(10) Ninth embodiment 

so 

In this embodiment discussed here, the border 
position between one display area not to be used for 
image presentation and the other display area to be 
used for image presentation is controlled along the Y 
55 direction (the scanning line) of the display panel. 

More particularly, as shown in FIG. 24A, display 
control signals DOFF3, DOFF4 are fed to scanning line 
driving circuits 50. 60 so that the screen of a liquid-crys- 
tal panel 70 is partitioned into an area 82 to be used for 
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image presentation and an area 84 not to be used for 
image presentation as shown in FIG. 24B. 

Such display control is carried out by performing 
the driving as shown in FIG. 25, for example. In the driv- 
ing method shown in FIG. 25, the scanning lines 
responsible for an area 502 to be used for image pres- 
entation are included in the range of selection, while the 
scanning lines for the area 504 other than the area 502 
are excluded from the range of selection. 

The display panel size is virtually modified in this 
way, and the duty factor in the driving is changed from 
"N" to "N/2". In accordance with the change of duty fac- 
tor, the voltage a variable voltage source 51 0 supplies to 
the scanning-line driving circuit is changed in response 
to a control signal Vccm- 

Since in the example shown in FIG. 25, the driving 
duty factor is changed to 1/2, half the voltage the varia- 
ble voltage source 510 supplies to the scanning-line 
driving circuit is sufficient. 

The area 504 not to be used for image presentation 
is an area which does not serve as an image presenting 
screen at all in display-off mode. 

A variable voltage source 26 may be constituted 
using a bootstrap circuit shown in FIG. 26, for example. 

The bootstrap circuit shown in FIG. 26 operates as 
follows. 

When a transistor Q2 turns on with its gate voltage 
Vg driven to "H", a current i1 flows charging a capacitor 
Co. The voltage across the capacitor Co becomes V1 . 

When the transistor Q2 turns off, a current i2 flows 
turning a transistor Q1 on and setting the voltage at a 
node A1 equal to Vs. 

The voltage at a node B1 rises to Vs + V1 . A wide 
range of voltages may be generated by appropriately 
selecting V1 and Vs. 

A liquid-crystal display device shown in FIG. 510 
that adopts the MLS driving method operates the driv- 
ing method of this embodiment. An MLS controller 2340 
varies the output voltage from a variable voltage source 
510 using a control voltage V CON in accordance with 
display control signals DOFF3 and DOFF4. 

(11) Tenth embodiment 

In this embodiment, the image size is enlarged 
without changing the driving duty factor. Namely, the 
image is subjected to a resolution conversion process. 
Referring to FIG. 28A - FIG. 28C, this process is dis- 
cussed. 

As shown in FIG. 28A, the display panel has two 
display areas "A" and "B". a Y driver 520 is responsible 
for the driving of the scanning lines for the area "A", and 
a Y driver 530 is responsible for the driving of the scan- 
ning lines for the area "B". 

Using the method described with reference to FIG. 
25, an image is presented on the area "A" only as 
shown in FIG. 28B. In this case, the area "B" contributes 
nothing to image presentation. In this state, only the 
upper half of the display panel is used for image presen- 



tation, and gives less visual impact on viewers of the 
image. 

As shown in FIG. 28C, two vertically adjacent pixels 
are used to present the same image to double vertically 

5 the image in size. Although the image size is doubled, 
the same image is merely presented by two pixels, and 
thus the driving duty factor remains unchanged from 
that in FIG. 28B. This arrangement results in no sub- 
stantial change in power consumption. However, the 

10 image resolution is halved, and the quality of image is 
thus reduced. With the image size doubled, however, 
the visual impact of the image to a viewer is stronger, 
thereby reinforcing display functionality. 

FIG. 29 shows a major portion of the construction of 

75 the scanning-line driving circuit in the liquid-crystal dis- 
play device that adopts the MLS driving method, in 
which the image size is doubled (with the resolution 
halved) without changing the driving duty factor. FIG. 
30A and FIG. 30B show conditions at typical points 

so when the display in FIG. 28b and the double-sized dis- 
play in FIG. 28C are presented, respectively. 

A circuit 600 shown in FIG. 29 is provided with input 
terminals 1 A, 2A...8A, and input terminals 1B, 2B...8B. 
One of data DO, D1 , D2 and D3 is fed to each of the ter- 

25 minals. The data DO, D1 , D2 and D3 are the ones that 
determine the voltages applied to the scanning lines. 

When a control signal B0 is at "L". data fed to 1 A. 
2A...8A are output at output terminals 1Y, 2Y...8Y. 
respectively. When the control signal B0 is at "H", data 

30 fed to 1 B, 2B...8B are output at the output terminals 1 Y, 
2Y...8Y. 

Each of the output terminals 1Y, 2Y...8Y in the cir- 
cuit 600 is connected to one input terminal of each of 
respective two-input AND gates 610 ~ 617. An enable 

35 control signal EN1 is fed to the other input terminal of 
each of the two-input AND gates 610-613 and an ena- 
ble control signal EN2 is fed to the other input terminal 
of each of the two-input AND gates 614 ~ 617. 

To present the display shown in FIG. 28B, the con- 

40 trol signal B0 is driven to "L". the enable control signal 
EN1 to "H", and the enable control signal EN2 to "L" as 
shown in FIG. 30A. Data DO, D1, D2 and D3 are output 
at output terminals OUT1 ~ OUT4 of the respective two- 
input AND gates 610 - 614 shown in FIG. 29, and 

45 based on the output data, the voltages for four scanning 
lines are determined. 

To present the double-sized display shown in FIG. 
28C, the control signal B0 is driven to "H", the enable 
control signal EN1 to "H", and the enable control signal 

so EN2 to "H" as shown in FIG. 30B. Data DO. DO, D1, D1 , 
D2. D2, D3, and D3 are output at output terminals 
OUT1 - OUT8 of the respective two-input AND gates 
610-617 shown in FIG. 29, and based on the output 
data, the voltages for eight scanning lines are deter- 

55 mined. More particularly, every two adjacent scanning 
lines are supplied with the same scanning-line drive 
voltage. In this way, the image size is doubled. 

Although the image size is doubled in the above 
example, the image size may be quadrupled or octupled 
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in a similar manner. In any of these enlarged sizes, with 
power consumption that is as low as thai in the case 
where an partial area of one screen is set to the display- 
off state, the visual impact of, for example, an icon is 
increased and sufficient to impress the user of the liq- 
uid-crystal panel therewith. 

(12) Eleventh embodiment 

The ninth embodiment, discussed referring to FIG. 
24 and FIG. 25, covers the display control method in 
which the border position between one display area not 
to be used for image presentation and the other display 
area to be used for image presentation is controlled 
along the Y direction (the scanning line) of the display 
panel. In this method, however, a variable voltage 
source is required because the driving duty factor 
changes. 

In this embodiment, the equivalent display control is 
performed but without changing the driving duty factor. 

As shown in FIG. 31, this embodiment selects all 
the scanning lines S1 ~ S6 without changing the driving 
duty factor "N". 

Out of the screen of a display panel 500, an area 
502 is the area to be used for image presentation, han- 
dled by scanning lines S1 ~ S3, and an area 504 is the 
area not to be used for image presentation, handled by 
scanning lines S4 ~ S6. 

Now, pixels M1 ~ M6 along a data line L1 are con- 
sidered with pixels Ml - M3 turned on and pixels M4 ~ 
M6 turned off. To merely turn off the pixels M4 - M6, it 
is sufficient to fix the voltage level of the data line L1 to 
the above-described Vc (the voltage of the scanning 
lines during the non-selection period) while the scan- 
ning lines S4 - S6 are selected, but with this arrange- 
ment, the pixels M1 ~ M3 become too dark to present 
adequately an image. This is because the circuit of the 
display device is designed on the assumption that the 
voltage applied to the data line L1 for presenting the 
predetermined display (the voltage required to turn 
on/off display) is continuously applied. Namely, applying 
to the data line L1 the voltage level of Vc for the scan- 
ning lines during the non-selection period is an out-of- 
specification driving method. 

In this embodiment, at the timings for selecting 
scanning lines S4, S5, and S6, the non-selection volt- 
age Vc is applied to the scanning lines while the data 
line L1 is supplied with one of the voltages for on/off dis- 
play state. In this way, the display by pixels M1, M2 and 
M3 is properly presented while pixels M4. M5 and M6 
are set to the display-off state. In the area 504 currently 
in the display-off state, the voltage level of the scanning 
lines is fixed to Vc with no polarity reversion, and thus 
power consumption is reduced even rf the voltage for 
displaying is provided to the data line. 

Since the driving duty factor is free from change, a 
variable voltage source is not required, and the power 
supply circuit is simpler in its construction, thus needing 
less power consumption. 



26 

FIG. 32 is a timing diagram showing the operation 
of the display device in which the driving method of this 
embodiment is combined with the MLS driving method 
capable of selecting simultaneously four lines. For sim- 

5 plicity, FIG. 32 shows waveforms during first and second 
field periods. 

Referring to FIG. 32, an appropriate image presen- 
tation is provided for a duration from time t1 to t2 and a 
duration from t3 to t4, and over a duration from time t2 

10 to time t3, the screen is set to the display-off state. For 
the duration from time t2 to t3, the corresponding scan- 
ning lines Y101 ~ Y200 are kept to the non-selection 
voltage level Vc, while the data line is supplied with 
"V Y4 " rather than "Vc". 

is FIG. 33 shows a construction of the liquid-crystal 
display device that adopts the MLS driving method 
described with reference to FIG. 32. Unlike the display 
device shown in FIG. 27, this display device includes a 
fixed voltage source 512. An MLS controller 2340 

so issues DOFF3. DOFF4 to fix the scanning-line drive 
outputs to Vc while issuing V xc at the same time to fix 
the outputs of X drivers 520, 530 to a predetermined 
voltage (V Y4 , for example, as shown in FIG. 32). 

25 (13) Twelfth embodiment 

FIG. 34A and FIG. 34B show the construction of a 
major portion of the liquid-crystal display device of a 
twelfth embodiment. The feature of this embodiment is 

30 that at least either the scanning lines or the data lines 
are set to an electronically floating state to turn the 
screen to the display-off state (a high-impedance state). 
With this arrangement, unnecessary power consump- 
tion in the liquid-crystal panel is avoided. 

35 As shown in FIG. 34B, the liquid-crystal panel 
includes conductive layers 800. 820, between which a 
liquid crystal 810 is enclosed, and a predetermined volt- 
age is generated by a voltage source 700 to drive the 
liquid crystal, and to present a predetermined display. 

40 The conductive layers 800. 820 are constituent materi- 
als of the scanning lines and the data lines. 

Even if the same voltage is applied to the conduc- 
tive layers 800, 820 to set the screen to the display-off 
state, a small voltage difference still occurs between the 

45 conductive layers. When a path connecting the liquid 
crystal 810 to the voltage source 700 is established, 
electric charge flows into the liquid crystal 810 from the 
conductive layer 800 or conductive layer 820 due to the 
voltage difference between the conductive layer 800 

so and conductive layer 820, causing a current flow. This 
current is an unnecessary current. 

For this reason, as shown in FIG. 34B. switches 
71 1 and 726 are arranged in voltage application paths 
to the conductive layers 800. 820 to cause at least one 

55 of the switches 71 1. 726 to open during a high-imped- 
ance mode. In this way. the current path is discon- 
nected, and such an unnecessary current never flows. 
With this arrangement, power consumption is reduced. 
However, since the scanning lines or the data lines 
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at an electrically floating state are rendered unstable, it 
is expected that an unwanted pattern will appear on the 
screen due to static electricity or the like. When at least 
either the scanning lines or the data lines are set to an 
electrically floating state, the screen is preferably cov- 
ered with a covering to relieve the user of the liquid- 
crystal panel of uncomfortable feelings. 

In the liquid-crystal panel shown in FIG. 34A, 
switches 711 ~ 716 within switch means 710 and 
switches 721 ~ 726 within switch means 720 are all 
opened. Therefore, the scanning lines L1 ~ L6 and the 
data lines Si ~ S6 are all set to an electrically floating 
state. The screen is covered with a covering 750. 

FIG. 35 and FIG. 36 show the construction of the 
liquid-crystal display device adopting the MLS driving 
method, which offers a mode (a high-impedance mode) 
for disabling the displaying by putting the voltage of the 
data lines to an electrically floating state. 

More particularly, as shown in FIG. 35, a control 
signal Hi-Z for the high-impedance mode is fed to a 
multi-line decoder 860. Also fed to the multi-line 
decoder 860 is a display control signal DOFF for a dis- 
play-off state. 

FIG. 36 shows an exemplary construction of the 
multi-line decoder 860 and a voltage selector 870. 

The multi-line decoder 860 comprises logic gates 
NA1 ~ NA5 for decoding image data (DATA) and thedis- 
play control signal DOFF, and AND gates NB1 - NB5 for 
decoding the control signal Hi-Z and each of the outputs 
of the respective logic gates NA1 ~ NA5. 

When the control signal Hi-Z is driven to "L", the 
outputs of the AND gates NB1 ~ NB5 are forced to "L". 
In response to this transition, switches SW1 - SW5 
within the voltage selector 870 are opened, causing the 
data lines to be electrically floating. The display screen 
is thus set to the high-impedance mode. 

(14) Thirteenth embodiment 

FIG. 37 shows a typical construction of the liquid- 
crystal display device of a thirteenth embodiment. 

The liquid-crystal display device of this embodiment 
comprises a first display panel 910 and a second dis- 
play panel 920. 

By setting the adequate number of scanning lines 
(the driving duty factor) of the first display panel 910, a 
voltage source 930 equalizes a voltage V X1 applied to a 
scanning-line driver (Y1) 960 to a voltage V Y s applied to 
a data-line driver (X1) 940. Therefore, what is required 
of the voltage source 930 is to generate a common volt- 
age, and thus the construction of the power supply cir- 
cuit 930 is simplified, and power consumption is 
reduced. 

Both panels 910, 920 are MLS driven to present 
image. As shown in FIG. 37, an X driver (X1) 940. an X 
driver (X2) 942, and a Y driver (Y1) 960 are arranged to 
drive the first display panel 91 0. An X driver (X3) 944. an 
X driver (X4) 946. a Y driver (Y2) 962. and a Y driver 
(Y3) 964 are arranged to drive the second display panel. 



The first display panel 910 may be a dedicated 
panel for presenting a simple icon, for example, and the 
second panel 920 may be a general panel for present- 
ing a variety of displays. The number of scanning lines 
5 for the first panel 910 is substantially smaller than that of 
the scanning lines for the second panel 920. 

An elongated display area is formed by the first dis- 
play panel 910 because its function is only to present an 
icon, and the driving duty factor of the first display panel 
10 910 is made small and the level of the voltage applied to 
the X driver 940 is equalized to the level of the voltage 
applied to the Y driver 960. 

More particularly, when the MLS driving method is 
adopted as shown in the right portion of FIG. 1B, the 
is selection voltage level V X1 (-V X1 ) of the scanning lines 
is typically unequal to the selection voltage level V Y5 
(V Y i) of the data lines. However, with the number of 
simultaneously selected scanning lines h = 4 and the 
threshold voltage of the liquid crystal Vth = 2.0 V, V X i 
20 and V Y s are 3.27 V and thus coincide with each other 
when the number of scanning lines for the first display 
panel 910 is 16. 

By properly adjusting the number of scanning lines 
(by properly adjusting the driving duty factor), the selec- 
ts tion voltage level of the scanning lines is equalized to 
the selection voltage level of the data lines. The display 
device shown in FIG. 37 takes advantage of this tech- 
nique to simplify the construction of the voltage source 
930 and thus to reduce power consumption. Therefore, 
30 icons are presented at a low power consumption. 

A variety of displays may be presented on the sec- 
ond display panel 920. 

(15) Fourteenth embodiment 

35 

In a fourteenth embodiment, the driving circuit for 
driving a display matrix is provided with both the func- 
tion for driving scanning lines and the function for driv- 
ing data lines. 

40 The functions are switched depending on the size 
and shape of an image display area to change the driv- 
ing duty factor, thus to reduce both the voltage of the 
scanning lines during the selection period and power 
consumption during image presentation. 

45 The fourteen embodiment is discussed in detail 
referring to FIG. 38. As shown in FIG. 38, an area 912 is 
an area (display area) for presenting an image, and an 
area 922 is an area not used for image presentation 
(display-off mode area). 

so A driver 941 currently functions as a data-line driver 
(an X driver) and both a driver 961 and a driver 963 
function as scanning-line drivers (Y drivers). 

Now, the shape of the display area 912 is consid- 
ered. The display area 912 is vertically elongated. Spe- 

55 cifically. it is vertically long and horizontally short across 
in size. In such a case, the driver 941 is designed to 
function as a scanning-line driver (a Y driver) while both 
the driver 961 and driver 963 are designed to function 
as data-line drivers (X drivers). With this arrangement, 
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the number of scanning lines (driving duty factor) is 
reduced, and the selection voltage level of the scanning 
lines is reduced according to the reduced quantity of the 
driving duty factor. In this way, the power consumption 
of the display device is reduced. 

(16) Fifteenth embodiment 

An electronic apparatus incorporating the display 
device is now discussed referring to FIG. 39 ~ FIG. 43. 

FIG. 39A is an external view showing a portable tel- 
ephone in its normal use, and FIG. 39B is an external 
view showing the portable telephone that is used as a 
portable terminal. 

The portable telephone comprises a screen 1 000, a 
screen 1010, an antenna 1100, touchpad keys 1200, a 
microphone 1300. and the panel 1400. The screen 
1000 and screen 1010 constitute a single liquid-crystal 
panel. 

As can be seen from FIG. 39A and FIG. 39B, the 
screen 1010 is hidden behind the panel 1400. During 
normal use, the screen 1010 is in either the display-off 
mode or the high-impedance mode. 

To use the portable telephone as a portable termi- 
nal as shown in FIG. 39B, the panel 400 is flipped down, 
exposing the screen 1010. In this condition, the display- 
off mode or the high-impedance mode on the screen 
1010 is released, and thus a variety of displays are pre- 
sented on the screen 100 and screen 1010. 

FIG. 40A and FIG. 40B show the operation of a 
portable electronic dictionary. 

The portable electronic dictionary 1500 is normally 
used as shown in FIG. 40A to present a desired display 
on a screen 1510. 

When the space of the screen 1510 is not large 
enough, a screen 1520 is pushed up to expand the 
image display area as shown in FIG. 40B. In the condi- 
tion shown in FIG. 40A, the screen 1520 remains hid- 
den within the cabinet of the apparatus, and thus the 
screen 1520 is set to the display-off mode or the high- 
impedance mode. 

FIG. 41 A and FIG. 41 B show respectively external 
views of a portable electronic apparatus. 

The portable electronic apparatus shown in FIG. 41 
comprises a housing 1600, a display panel 1620, and a 
cover 1610. The cover 1610 can be sidewardly slid to 
vary the size of a display area or to partition the display 
screen of the panel. The invisible portion of the display 
panel hidden behind the cover 161 0 is set to the display- 
off mode or the high-impedance mode. 

Referring to FIG. 41 B, two covers 1612, 1614 are 
provided. Each cover can be sidewardly slid, to vary the 
size of the display area. The invisible portions of the dis- 
play panel 1622 hidden behind the covers 1612, 1614 
are set to the display-off mode or the high-impedance 
mode. 

FIG. 42A and FIG. 42B show a portable electronic 
translator in operation. 

The screen 1 710 of the portable electronic transla- 



tor 1700 presents an English word to be translated as 
shown in FIG. 42A. With its cover 1720 slid as shown in 
FIG. 42B, Japanese words corresponding to the English 
word are shown on the screen 1 730. 

5 The invisible portion of the screen hidden behind 

the covers 1612, 1614 are set to the display-off mode or 
the high- impedance mode. 

In a portable telephone shown in FIG. 43, the dis- 
play screen of a display panel is partitioned into an area 

w "A" and an area "B" wherein the area "A" presents a 
simple image such as an icon while the area "B" is set 
to the display-off mode or the high-impedance mode. 

In the above electronic apparatuses, a desired 
image is presented at an extremely low power con- 

15 sumption by setting an area contributing nothing to 
image presentation to the display-off mode or the high- 
impedance mode. 

Claims 

so 

1 . A driving method of a display device comprising a 
plurality of scanning lines, a plurality of data lines, 
and a plurality of display elements, the display state 
of which is controlled by a voltage applied to the 

25 scanning lines and a voltage applied to the data 
lines, 

wherein the number of voltage levels of the 
scanning lines during a non-selection period is only 
one, and 

30 

to set a display element to a display-off state, 
the voltage level of the data line corresponding 
to the display element is set to the voltage level 
of the scanning lines during the non-selection 
35 period. 

2. A driving method of a display device according to 
Claim 1 , 

wherein at least two voltage levels, one pos- 
40 itive and the other negative, with respect to the volt- 
age level of the scanning lines during the non- 
selection period are available as the voltage levels 
of the scanning lines during a selection period, 

45 at least two voltage levels, one positive and the 

other negative, with respect the voltage level of 
the scanning lines during the non-selection 
period are available as the voltage levels of the 
data lines, and 

so the polarity of the voltage applied to, at least 

one of the scanning lines and the data lines is 
periodically alternated with respect to the volt- 
age level of the scanning lines during the non- 
selection period. 

55 

3. A driving method of a display device comprising a 
plurality of scanning lines, a plurality of data lines, a 
plurality of display elements, the display state of 
which is controlled by a voltage applied to the scan- 
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ning lines and a voltage applied to the data lines, 
and a plurality of driving ICs for driving the data 
lines, 

wherein the number of the voltage levels of 
the scanning lines during a non-selection period is 
only one, and 

a display control signal is applied to each of the 
plurality of ICs for driving the data lines, and in 
response to the display control signal, at least 
parts of data-line drive outputs from the ICs are 
set to the voltage level of the scanning lines 
during the non-selection period. 

4. A driving method of a display device according to 
Claim 3, wherein when at least parts of said data- 
line drive outputs are set to the voltage level of the 
scanning lines during the non-selection period, the 
supply of at least one of display data and a high-fre- 
quency clock for transferring the display data to the 
IC is suspended. 

5. A driving method of a display device comprising a 
plurality of scanning lines, a plurality of data lines, a 
plurality of display elements, the display state of 
which is controlled by a voltage applied to the scan- 
ning lines and a voltage applied to the data lines, 
and a driving circuit for driving the data lines, 

wherein the number of voltage levels of the 
scanning lines during a non-selection period is only 
one, and 

a display control signal is applied to the driving 
circuit for the data lines, and in response to the 
display control signal, data-line drive outputs of 
said driving circuit for driving the data lines are 
controlled on an individual basis so that a 
desired drive output is selectively set to the 
voltage level of the scanning lines during the 
non-selection period. 

6. A driving method of a display device according to 
Claim 5. wherein when data-line drive outputs are 
controlled on an individual basis so that a desired 
drive output is selectively set to the voltage level of 
the scanning lines during the non-selection period, 
the supply of at least one of display data and a high- 
frequency clock for transferring the display data, to 
the driving circuit for the data lines is suspended. 

7. A driving method of a display device comprising a 
plurality of scanning lines, a plurality of data lines, a 
plurality of display elements, the display state of 
which is controlled by a voltage applied to the scan- 
ning lines and a voltage applied to the data lines, 
and a driving circuit for driving the data lines, 

wherein the number of voltage levels of the 
scanning lines during a non-selection period is only 
one, the driving circuit for the data lines comprises 



a plurality of blocks, 

a display control signal is applied to the driving 
circuit for the data lines, and in response to the 

5 display control signal, data-line drive outputs of 

said driving circuit for driving the data lines are 
controlled on a block by block basis so that the 
data-line drive output of a corresponding block 
is set to the voltage level of the scanning lines 

10 during the non-selection period. 

8. A driving method of a display device comprising a 
plurality of scanning lines, a plurality of data lines, a 
plurality of display elements, the display state of 

is which is controlled by a voltage applied to the scan- 
ning lines and a voltage applied to the data lines, 
and a driving circuit for driving the plurality of data 
lines, 

wherein the number of voltage levels of the 
20 scanning lines during a non-selection period is only 
one, 

h scanning lines (h is an integer equal to or 
greater than 2) out of the plurality of scanning 

25 lines are simultaneously selected, a scan volt- 

age based on a predetermined selection volt- 
age pattern is applied to each of the h scanning 
lines while each of the data lines is supplied 
with a voltage that is determined by comparing 

30 the selection voltage pattern with the display 

data representative of the display status of 
each display element so that a desired display 
is presented, and 

to disable image presentation, a display control 
35 signal applied to the data-line driving circuit 

sets, at least parts of data line drive outputs of 
said driving tircuit for driving the plurality of 
data lines to the voltage level of the scanning 
lines during the non-selection period. 

40 

9. A driving method of a display device according to 
Claim 8, wherein the number of scanning lines, h, 
simultaneously selected is an even number. 

45 10. A driving method of a display device according to 
Claim 8, wherein the number of scanning lines, h, 
simultaneously selected is 2, 4, 6, or 8. 

11. A driving method of a display device according to 
so Claim 8, wherein when, at least parts of said data- 
line drive outputs are set to the voltage level of the 
scanning lines during the non-selection period, the 
supply of at least one of display data and a high-fre- 
quency clock for transferring the display data to the 

55 data-line driving circuit is suspended. 

1 2. A driving method of a display device according to 
Claim 8, wherein the driving circuit for the data lines 
comprises a plurality of ICs, each of which is sup- 
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plied with a display control signal, and in response 
to the display control signal, at least parts of the 
data-line drive outputs from the ICs are set to the 
voltage level of the scanning lines during the non- 
selection period. 

13. A driving method of a display device according to 
Claim 8, wherein a display control signal is applied 
to the driving circuit of the data lines, and in 
response to the display control circuit, the data-line 
outputs are controlled on an individual basis so that 
a desired drive output is selectively set to the volt- 
age level of the scanning lines during the non- 
selection period. 

14. A driving method of a display device according to 
Claim 8, wherein the driving circuit for the data lines 
comprises a plurality of blocks, the display control 
signal is applied to the driving circuit for the data 
lines, and in response to the display control signal, 
the data-line drive outputs are controlled on a block 
by block basis so that the data-line drive output for 
a corresponding block is set to the voltage level of 
the scanning lines during the non-selection period. 

15. A display device comprising a plurality of scanning 
lines, a plurality of data lines, a plurality of display 
elements, the display state of which is controlled by 
a voltage applied to the scanning lines and a volt- 
age applied to the data lines, a scanning-line driv- 
ing circuit for driving the plurality of scanning lines 
and a data-line driving circuit for driving the plurality 
of data lines, 

wherein the number of voltage levels of the 
scanning lines during a non-selection period is only 
one, 

a display control signal is applied to the data- 
line driving circuit, and in response to the dis- 
play control signal, at least parts of a plurality of 
outputs of the data-line driving circuit corre- 
sponding to the plurality of scanning lines are 
forced to the voltage level of the scanning lines 
during the non-selection period so that the area 
of the corresponding data lines is an area to be 
set to display-off state. 

16. , A display device according to Claim 15, 

wherein the data-line driving circuit com- 
prises a first temporary memory for storing tempo- 
rarily display control data, 

a second temporary memory for storing tempo- 
rarily display data, 

a decoder circuit for decoding the display con- 
trol data output from the first temporary mem- 
ory and the display data output from the 
second temporary memory, and for determin- 
ing a drive voltage at each output given by the 



data-line driving circuit. 

17. A display device according to Claim 15, wherein the 
area to be set to the display-off state is designated 

5 by a combination of a plurality of display control sig- 

nals. 

18. A display device according to Claim 15, 

wherein the scanning-line driving circuit 
io selects simultaneously a plurality of scanning lines 
and applies a scan voltage based on a selection 
voltage pattern to each of the scanning lines, and 

the data-line driving circuit determines the volt- 
75 age applied to the data lines by comparing the 

selection voltage pattern with the display data 
representative of the display status of each dis- 
play element, and applies the determined volt- 
age to each of the data lines; 

20 

19. A display device according to Claim 15, wherein 
both a display-off state area and a display-enabled 
area exist in a screen, and the size of the display- 
enabled area is smaller than the display-off state 

25 area. 

20. A display device according to Claim 15. wherein the 
display device includes a section that covers at 
least part of a screen and the covered area of the 

30 screen becomes a display-off state area. 

21 . A display device according to Claim 20, wherein the 
section that covers at least part of the screen is at 
least one movable member. 

35 

22. A display device according to Claim 20. wherein the 
screen can be partly retracted into the cabinet of 
the display device, and wherein with the screen 
partly retracted, the retracted portion of the screen 

40 is set to the display-off area, while with the screen 
fully exposed, the portion that was retracted is set 
to a display-enabled area. 

23. An electronic apparatus comprising a display 
45 device according to Claim 1 5. 

24. A driving method of a display device comprising N 
scanning lines (N is an integer equal to or greater 
than 2), M data lines (M is an integer equal to or 

so greater than 2), a plurality of display elements, the 
display state of which is controlled by a voltage 
applied to the scanning lines and a voltage applied 
to the data lines, a driving circuit for the scanning 
lines, and a driving circuit for the data lines, 

55 wherein a display control signal is applied to 

the scanning-line driving circuit, consecutive K 
scanning lines (K is an integer equal to or greater 
than 2 but smaller than N) out of the N scanning 
lines are deselected from the range of selection, 
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based on the display control signal, only (N-K) 
scanning lines are selected to be displayed and the 
scanning line voltage level during a selection period 
when (N-K) scanning lines are driven is set to be 
lower than the scanning line voltage level during the 
selection period when N scanning lines are driven. 

25. A driving method of a display device according to 
Clam 24, wherein the change of the voltage level of 
the scanning lines during the selection period is 
performed by using the display control signal that 
changes the level of the voltage a variable voltage 
source supplies to the scanning-line driving circuit. 

26. A driving method of a display device according 
Claim 25, wherein the variable voltage source is 
provided with a bootstrap circuit, which generates a 
plurality of voltages of different levels, by changing 
at least one of the quantity of charge stored in a 
capacitor and the voltage of one polarity that is 
lower ,n voltage level after a polarity reversion of the 
capacitor. 

27. A driving method of a display device according to 
Clam 24. wherein h scanning lines (h is an integer 
equal to or greater than 2) are simultaneously 
selected, and a scan voltage based on a predeter- 
mmed selection voltage pattern is applied to each 
of the scanning lines for image presentation. 

28. A display device comprising a plurality of scanning 
lines, a plurality of data lines, a plurality of display 
elements, the display state of which is controlled by 
a voltage applied to the scanning lines and a volt- 
age applied to the data lines, a driving circuit for 
driving the scanning lines and a driving circuit for 
driving the data lines, 

wherein the driving circuit for the scanning 
lines simultaneously selects h scanning lines (h is 
an integer equal to or greater than 2) in a normal 
display mode to apply a scan voltage based on a 
predetermined selection voltage pattern to each of 
the scanning lines, and applies the same scan volt- 
age to consecutive Q scanning lines when a resolu- 
tion of 1/Q (Q is an integer equal to or greater than 
2) is designated by a resolution conversion signal 
thus to simultaneously select (Q x h) scanning 
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the data-line driving circuit determines the volt- 
age applied to the data lines by comparing the 
selection voltage pattern with the display data 
representative of the display status of each dis- 
play element, and applies the determined volt- 
age to each of the data lines. 

29. A driving method of a display device comprising N 
scanning lines (N is an integer equal to or greater 
than 2), M data lines (M is an integer equal to or 
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greater than 2), a plurality of display elements the 
display state of which is controlled by a voltage 
applied to the scanning lines and a voltage applied 
to the data lines, a driving circuit for the scanning 
lines, and a driving circuit for the data lines, 

wherein the number of voltage levels of the 
scanning lines during a non-selection period is onlv 
one, ' 

a display control signal is applied to the driving 
circuit for the scanning lines, and in response 
to the display control signal, an area corre- 
sponding to consecutive K scanning lines (K is 
an integer equal to or greater than 2 but smaller 
than N) out of the N scanning lines is set to a 
display-off state, an area corresponding to the 
remaining scanning lines is a display-enabled 
area, and 

the K scanning lines are kept to the voltage 
level during the non-selection period without 
applying a selection voltage thereto, while the 
data lines are supplied with the voltage, which 
is to be applied for image presentation for a 
duration in which the K scanning lines should 
otherwise be selected. 

30. A driving method of a display device according to 
Claim 29, wherein h scanning lines (h is an integer 
equal to or greater than 2) are simultaneously 
selected as the scanning lines responsible for the 
display-enabled area, and are respectively supplied 
with a scan voltage based on a predetermined 
selection voltage pattern. 

31. A display device that adopts the driving method 
according to Claim 24. 

32. A display device that adopts the driving method 
according to Claim 28. 

33. A display device that adopts the driving method 
according to Claim 29. 



34. A display device according to Claim 33, wherein the 
display device includes a section that covers at 
least part of a screen and the covered area of the 
screen is a display-off state area. 

35. A display device according to Claim 34, wherein the 
section that covers at least part of the screen is at 
least one movable member. 

36. A display device according to Claim 34, wherein the 
screen can be partly retracted into the cabinet of 
the display device, and wherein with the screen 
partly retracted, the retracted portion of the screen 
is set to the display-off state area, while with the 
screen fully exposed, the portion that was retracted 
is set to the display-enabled area. 
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37. An electronic apparatus comprising a display 
device according to Claim 33. 

38. A display device comprising N scanning lines (N is 

an integer equal to or greater than 2), M data lines 5 
(M is an integer equal to or greater than 2), a plural- 
ity of display elements, the display state of which is 
controlled by a voltage applied to the scanning lines 
and a voltage applied to the data lines, a driving cir- 
cuit for the scanning lines, and a driving circuit for 10 
the data lines, 

wherein at least one of the scanning lines 
and the data lines are provided with a plurality of 
switch means which are arranged in voltage paths 
to the scanning lines or the data lines and are con- is 
trolled by a control signal for open or close state, 
and 

when no image is presented, the switch 
means are put to the open state to float electrically 
the scanning lines or data lines. so 

39. A display device comprising: 

a first panel comprising a plurality of scanning 
lines, a plurality of data lines, a plurality of dis- 25 
play elements, the display state of which is con- 
trolled by a voltage applied to the scanning 
lines and a voltage applied to the data lines, a 
driving circuit for driving the scanning lines, a 
driving circuit for driving the data lines and a 30 
power supply circuit for supplying power to the 
driving circuit for the scanning lines and the 
driving circuit for the data lines, 
and a second panel having a larger number of 
scanning lines than the first panel, 35 

wherein the number of scanning lines in 
the first display panel is set so that the selec- 
tion voltage level of the scanning lines coin- 
cides with one of a plurality of drive voltage 
levels for the data lines, and 40 
the driving circuit for the scanning lines and the 
driving circuit for the data lines are supplied 
with a common voltage equal to the level of the 
selection voltage of the scanning lines, by the 
power supply circuit. 45 

40. A display device comprising: 

a display matrix comprising a plurality of first 
conductive lines running in a predetermined so 
direction, a plurality of second conductive lines 
running a direction that intersects the first con- 
ductive lines, a plurality of display elements at 
the intersections of the first and second lines, 
a first driving circuit for driving the first conduc- ss 
five lines, and 

a second driving circuit for driving the second 

conductive lines, wherein 

the first driving circuit comprises driving means 



866 A1 38 

for driving the first conductive lines as data 
lines, and driving means for driving the first 
conductive lines as scanning lines, and 
the second driving circuit comprises driving 
means for driving the second conductive lines 
as scanning lines, and driving means tor driv- 
ing the second conductive lines as data lines, 
and 

wherein when the first driving circuit 
functions as a data-line driving circuit, the sec- 
> ond driving circuit functions as a scanning-line 
driving circuit, and when the second driving cir- 
cuit functions as a scanning-line driving circuit, 
the second driving circuit functions as a data- 
line driving circuit. 
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